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1. EosDIS DEFINITION

A COMPREHENSIVE DATA AND INFORMATION SYSTEM TO

PROVIDE THE EARTH SCIENCE RESEARCH COMMUNITY WITH

ACCESS TO FULL SUITE OF EARTH SCIENCE DATA FROM U.S.

AND INTERNATIONAL PARTNER PLATFORMS

EARTH
EARTH

OBSERVING
SCIENCE
RESEARCH

SYSTEhJ COh4h[UNITY



2. EosDIS ELEMENTS AND BOUNDARIES

m WILL BE DEVELOPED AND OPERATED IN THE CONTEXT

OF NATIONAL AND INTERNATIONAL SPACE STATION

ERA PROGRAMS

■ WILL SHARE FUNCTIONALITY AND FACILITIES WITH

PLANNED AND EXISTING INSTITUTIONAL FACILITIES

OPERATED BY NASA AND NOAA, AND OTHER SYS1-EMS

OR ORGANIZATIONS
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3. EosDIS MAJOR FUNCTIONS

FUNCTIONS

MISSION PLANNING

MISSION OPERATIONS

COMMANDING

COMMUNICATIONS

DATA ACQUISITION

DATA PROCESSING

DATA STORAGE

DATA DISTRIBUTION

INFORMATION

MANAGEMENT

END-TO-END FAULT

MANAGEMENT

EXECUTORS

lCWG/llWG/lWG

PSC, MMOC/EMOC/lCC/lST

PSC, EMOC/lCC/lST

TDRSS, TGTs, NCC, NASCOM, PSCN,

NOAA NETWORK, OTHERS

DIF (CDA)

PAYLOAD EXECUTIVE, DMS, DHC,

CDHF, TMCF/PICF/llCF

ON-BOARD MASS STORAGE,

DADS/PERMANENT ARCHIVES

DADS (lMC)

IMC

(ALL)
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EosDIS UNIQUE ELEMENTS

PAYLOAD EXECUTIVE

ON-BOARD MASS STORAGE

EMOC

IMC

[cc

1ST

ACTIVE ARCHIVE - CDHF AND DADS

PICF

IICF

TMCF



Tracking and Data Tracking and Data
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5. DESIGN PRINCIPLES

■ LAYERING AND MODULARITY

CAN ACCOMMODATE CHANGING [ISER

REQUIREMENTS OR TECHNOLOGICAL

DEVELOPMENTS

DISPLAYS SIMPLE, WELL DEFINED SYSTEM

INTERFACES THAT ARE TECHNOLOGICALLY

TRANSPARENT

AVOIDS THE NEED FOR MAJOR ADVANCES IN

TECHNOLOGY

E STANDARDIZATION

STANDARD DATA STRUCTURES PROMOTE DATA

AUTONOMY



6. DESIGN CONSIDERATIONS/CONSTRAINTS

m EVOLUTION

■ FLEXIBILITY AND CLARITY (OVER EFFICIENCY)

■ USE OF EXISTING AND PLANNED ELEMENTS OF SS1S

AND OTHER COOPERATING AGENCY RESOURCES

R usE oF STANDARDS (FOR DATA STRUCTURES, AND

DATA INTERCHANGE)

1S0’S OPEN SYSTEM CONCEPT

CCSDS RECOMMENDATIONS



m RESOURCE BOTTLENECKS

COMMUNICATIONS LINK BETWEEN GROUND

AND PLATFORM

ON-BOARD LAN

ON-BOARD MASS STORAGE

ON-BOARD PROCESSOR
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7/29/88

MIDACC PLANNING AND SCHEDULING OPERATIONS CONCEPT

MOTIVATION: 1) Develop planning and scheduling concept for MODIS
and evaluate how the function will be performed.

2) Generate functional re~irements for the MIDACC.
3) Provide input to the preliminary architecture

studies.

SCOPE: This deliverable focuses on defining planning and
scheduling operations for MODIS. Emphasis is placed on the ICC
facility and its relationships with EOSDIS and MIDACC elements.
From the high level context diagram, more detailed diagrams are
broken out between the ICC and other elements showing functions,
data flows, and pro~le decisions. AS more detailed concepts
are developed, subsequent versions of this operation concept will
be revised and expanded to include other MIDACC responsibilities
and expected performances.

MIDACC PLANNING AND SCHEDULING ~EW: A high level context
diagram, shown in the first figure, presents the elements
involved in general MIDACC planning and scheduling operations.
The MIDACC elements to be emphasized here are the ICC, 1ST, and
CDHF. In this figure, the DHC will receive MODIS data and provide
it to the MIADCC as raw or level zero (LO) data. The raw data,
either real-time or playback, is sent to the ICC for monitoring
MODIS state-of-health (SOH). LO data is send to the CDHF for
higher level processing and subsequent storage in the DADS. The
1ST will provide a conduit for the Team Leader to request
observations and to receive information about instrument
performance and the feasibility of the request. The ICC planning
and scheduling functions, shown by the shaded regions, are
discussed below.

At the beginning-of-life (BOL) of MODIS, an agreement will have
been reached at the level of EMOC and higher as to the platform
resource envelope (e.g. power and thermal) to be allocated to
MODIS operations and as to the overall science plan and
objectives for MODIS. The first operational schedule implemented
by MODIS will be consistent with the master plan. The discussion
which follows is directed more towards the routine planning and
scheduling maintenance of this plan consistent with platform
capabilities.

ICC P-ING AND SCHEDULING FUNCTIONS: The second figure is a
context diagram showing only the planning and scheduling
operations of the ICC. It presents the ICC interface with EOSDIS
and MIDACC elements. A simulator is introduced at this level to
aid in the ICC planning and scheduling operation. The planning
and scheduling concept is as follows.

The planning process takes high level obse~ation reqest and
generates a candidate schedule of instrument operation. This

1



process would be completed about 1 month prior to command
loading. The scheduling process continues for approximately 3
weeks. The schedule is iterated with the EMOC until approval
about 1 week prior to command loading.

Scheduling begins with an observation request by the 1ST. The ICC
will use the request and the instment and environmental models
as input to simulate the MODIS resource requirements and
performance. A comparison will be made to the EMOC provided
resource envelope which consist of resource constraints,
guidelines, and ephemeris data. The ICC will then provide the
EMOC will a schedule request that observes the allocated resource
requirements for MODIS. The EMOC will coordinate this request
with other EOSDIS elements to determine if this schedule request
conflicts with available resources. If conflicts are present
which affect MODIS, the EMOC will iterate the schedule with the
ICC until a conflict free schedule is produced. The ICC will
then send the co~d sequence to the ~OC for transmission to
~DIS . The ICC will also generate reference profiles that will
be utilized in the real-time monitoring function and discipline
data timelines for use by other MIDACC elements.

ICC P-ING AND SCHEDULING SIMULATION: The third figure shows
the functions of the ICC simulator. Observation request are
passed through an interface to convert the request to a usable
form. These requests are checked against environmental models (
orbit, attitude, Sun, and Scene) to determine the feasibility of
the request. After passing this check, the instrument is modeled
to see if the request results in violating the allocated
resources. If either of these checks fail, the ICC will inform
the 1ST of the failure. titer passing the above tests, the ICC
will generate a schedule request, a command sequence, the
reference monitoring profiles, and discipline data timelines.
The schedule request is sent to the EMOC for iteration and
approval. In the case were conflicts exist, the ~OC will send
the ICC an iterated schedule with possible changes to the
available resources for MODIS. The process of simulating the
MODIS instrument is again performed and a new schedule request is
sent to the EMOC. This iteration will take place until an
approved MODIS schedule is resolved. If conflicts are not
present, the EMOC will send an approved MODIS schedule to the ICC
at which time the ICC will release the co~d sequences to the
EMoc.

The remaining attachments have been presented earlier and
represent candidate 1ST observation request to be made to the
ICC. These “request” will now be used in further refining the
planning and scheduling operations concept; in generating
scenario specific command sequences ; and, in developing an
instrument monitoring operations concept. These activities will
contribute to refining MIDACC functional requirements, and to
evaluating a preliminary MIDACC architecture.

2
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4. Special st$~d~of cloud tcp
F:eig5Ats

4.1 Scientific objective:
All methods of dete.nining C1OQ5 top heigF,tswill be

compared, particularly comparin~ tl?osenethcds tf,atare sensiti}-e
to accurate inst~~~ent calibrat~on to thosa methcds that are
calibration independent.

4.2
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4.5
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hlODIS LEVEL-1 DATA PRODUCTS REQUIREhlENTS

These requirements are presented for rev+iew. They contain assumptions which

may be changed as the o~lerall requirements oj Ihe MODIS Information, Data,

and Control Center (MIDACC) are refined and additional requirements are

identified. Furlher de~’elopment oj the higher-level processing requirements

will enable these requirements to be stated more precisely and with jewer

assumptions.

Requirement 1: Level-1productsshallcontainallof theinformationnecessaryfor

thecreationof catalogsand inventoriesof Level-1data,and thisinformationshould

be passedon tothenextlevelof processing.Considerations:Thisinformation

shouldbe readilyaccessibleintheform of a headerfileor record(atthebeginning

of thevolume inthecaseof sequentialstoragemedia).Ifrandom-accessstorage

media areused,thentheheadercouldcontainaddressesenablingtheusertoconven-

ientlyaccessorbitsand/ortimeblocksof thedata.

Requirement 2: It is assumed thatthelevel-Oprocessorwilleliminateredundancies,

performdataqualitychecking,performerrorcorrections,and organizethedatain

chronologicalorderby orbit.Considerations:Thisisa requirementforlevel-ldata

thatshouldalreadyhave beensatisfiedby thelevel-Oprocessing.

Requirement 3: MODIS-N AND MODIS-T datashallbe processedtoIevel-lA separately,

i.e.,thereshallbe separateN and T level-lA products.Considerations: When the

requirementsforhigher-levelprocessingbecome betterdefined,itwillbe possibleto

definestandardlevel-lB productswhich may be a mixtureof MODIS-N and MODIS-T level-

B data;forexample,thelevel-2processorforoceanchlorophyllwillcertainly

requirebothMODIS-N and MODIS-T datainordertoobtainfullcoveragewhen thetilt

of MODIS-T ischanged.

Requirement 4: Untilreversibilityof thecalibrationprocess is demonstrated, it is

assumed that both level-l A and lB products will be produced and archived.

Requirement 5: All data shall be processed to level-l A.
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If users will be able to request subsets of level-l data, then will these subsets be

considered standard (“legitimate”) level-l products?

Requirement 7: The basic level-l product time span is TBD, but may be multi-day,

daily, orbital, divided by fraction of a day, etc. Considerations: The time span

will be a trade-off between the capacity of storage media to save the MODIS data

(1012 bits per day at level-l) and the user’s requirements.

Requirement 8: The word size for the level-l data products is TBD. The volume of the

archived data set could be kept at a minimum by retaining the data at the bit word

size coming from the instrument. Considerations: Packing the instrument data in 12-

bit words will sa\7e 25% to 33% of the storage capacity utilized by the same informa-

tion supplied in more convenient 16-bit words.

Requirement 9: The level-l data products shall have appended to the basic product the

following ancillary data:

A.

B.

c.

D.

E.

F.

G.

H.

I.

J.

K.

L.

M

MODIS-N/MODIS-T sensor identification.

Product sequence number / version number.

Processing date.

Processing software version number.

Calibration algorithm identification number / version number.

Product start and stop time.

Orbit number(s).

Geographical boundaries of the product (e.g., target areas involved in the

coverage of the product).

Channel identifications.

Data quality flags.

Calibration quality flags.

Housekeeping data.

Engineering data.

Considerations: It is assumed that, if portions of the basic data product are

ordered, this basic header/trailer documentation will be supplied to the user.

Requirement 10: The level-Oor level-lprocessorshallorganizethesciencedata
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Requirement 10: The level-O or level-l processor shall organize the science data

into logical data records that consist of the scan lines for the respective instrument

(8 km by 1500 km for MODIS-N and 64 km by 1500 km for MODIS-T). Considerations:

This is consistent with the logical data records defined for the Coastal Zone Color

Scanner, and were recommended in an earlier Phase-A study of the MODIS level-l proces-

sing requirements.

Requirement 11: The level-l products shall have appended to each logical data record

the following information:

A.

B.

c.

D.

E.

F.

G.

H.

I.

J.

K.

L.

M.

N.

o.

P.

Geographic location.

Land/ocean flags.

Measure of cloudiness.

Channel identifications.

Instrument tilt information (MODIS-T).

Instrument temperatures.

Scan number.

Attitude information.

Platform ephemeris.

Time code.

GPS time correction.

Platform structure telemetry.

Calibration coefficients.

Calibration quality flag.

Data quality indicators.

Start and stop times.

Requirement 12: Each logical data record shall be divided into data segments, e.g.,

each scan could be divided into five equal scan angle segments. Final segmentation is

TBD.

Requirement 13: The level-l products will include the following information appended

to each data segment:

A. Time tags.

B. Geographic locations.
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c. Solar zenith and satellite zenith angles.

D. Land/ocean flag.

E. Measure of cloudiness.

Considerations: Given the large number of pixels per scan line, introducing some

small measure of partially redundant parameters for the convenience of the users will

not significantly alter the total data volume.

Requirement 14: There shall be a separate calibration level-l A and IB data product

which will consist of data taken (iUringcalibration modes,i.e.,when thesensorviews

thediffuserplate,calibrationblackbodies,etc.Calibrationcoefficientsand

calibrationqualityflagsshallbe appended tothiscalibrationproduct.

Considerations:Thisproductisdesignedtofacilitatethetimelyanalysisof MODIS

sensordataforthedeterminationof instrument-dependentcharacteristicssuchasgain

and offsetchanges.

4



ACTION ITEMS:

7/8-1 (Ardanuy/Kim) Review the factors associated with assuming a 40%
(or other) oversampling, as well as for calibration, housekeeping, and
other engineering data, as they bear on the MODIS data rates and volume.
**Closed **

7/8-2 (Sharts) Investigate the effect, if any, that real-time and possibly
redundant data transmissions will play in determining the MODIS data
rates and volume.

7/8-3 (Han) Review the draft data product questionnaire with members of
the MODIS Instrument Team.

7/15-1 (Han) Confirm the 10 and 20 megabit per second data rates
Projected for low data-rate instruments and the platform LAN.



AI 7/8-2 (Sharts)

Investigatethe effect,if any, that real-timeand possiblyredundant
data transmissionswill play in determiningthe MODIS data rates and
volumes.

ASSUME:

1.

2.

SUMMARY

ml MODIS charnelsare on all the time at full resolution
providinga composite20Mbps.

All MODIS data goes to the on-board recorder(s) for future
playback.

20Mbps * 86400s/d* 365.2~= 6.3 X 1014bpy

3. One real-time TOO per month for science interpretation (as
opposed to instment monitoring) to level lB.

4. The real-timescienceobservationperiodwill be 15 minutes
(900seconds).

20Mbps ● 900s * lmo-l * 12 mo/’y= 2.16 X 1011~

Note that this real-time (Rfl)obsewation is also recorded for future
playback (PB). Thereforethe MIDACCwill process

6.3 X 1014 + 2.16 X 1011* loo = 100.034%of the data.

6.3 X 1014

This data volume would seem to have negligible impact on the MIDACC.
Indeed, if we were to take 100 ~’s per month,the MIDACCwould still
only be processing103%of the data.



The problem comes in considering the processor (machine) requirements
to accormnodatethe science in real-time. Section 6 of the EOSDIS
Baseline Report (see attachments) provides some guidelines on
estimating computing power. Specifically, to elevate raw R/T MODIS
data to level lB requires

20Mbps(Raw)* 12(LlB)/O.7= 343MIPS(* 3 = 1029HPS).

As shown in Table 6.3-3, this should be doable with today’s
suprcompute rs. Another conclusion which now becomes clear is that
such data must be processed first by the CDHP and then distributedto
the V destination.Note: the “12”above refersto the path length
given in Table6.3-5for levellB; the “0.7”refersto a 70% processor
utilization factor and the “3” is the multiplicative factor to
calculateMFLOPS.

For R/T science monitoring, a more reasonable approach and more
effective use of tie CDHF computer may be to elevate only ~ MODIS
channel at a time, in real-time, to level lB. Please see the context
diagram for the CDHF Rfl Processor.

ASSUME:

5. The DHC cannot do the sortingand channelselectionon W
data.

6. The sort and bufferprocesshas a path-lenghof 3.

The MIPS requirementfor the sortand bufferprocessis:

20Mbps(w) * 3(sort~fer)/O.7 = 86MIPS (* 3 = 258-PS)

Note that this appears to be a more reasonable tax on the
supercomputer. Note also that while the bit rate of the selected
tiel is still 20Mbps, there is only one channel of about 100 going
into the burst buffer. Therefore, the selected channel my be metered
out of the buffer at 1/100 the rate (0.2Mbps) and still be in Rfl.
The MIPS requirement to elevate the selected channel to level lB is:
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0.2MbPs(W) * 12( LlB)/O.7 = 3.4MIPS (* 3 = 10. ~PS)

which is just 1% of the earliercalculation.

The channelselectionprocesswouldbe made flexibleand accommodative
by the capabilityto pre-programand/or real-timeoverride from the
ICC (possiblecontrolinterface).

ASSUME:

7. The storeand displayprocesshas a path-lengthof 3.

The machine requirementsat the receivingend (ICC~CF(?)) may be
calculated:

0.2Mbps(LlB) * 3(store/display)/O.7 = 0.9MIPS

As seen in Table 6.3-1, todays super-mini’s should be able to
accommodatethis concept.

Now, to re-visitthe Sunnnaryestimate,althoughthe front-endof the
CDHF Rfl Processormust look at and sort all MODIS channels,only
about1% (onechannelof 100)of the data gets elevatedto levellB in
real-time(accordingto this scenario).The totalamountof all data
processedthen is:

6.3 X 1014 +2.16 X 109 * loo = 100.0034%of all data
6.3 x 1014

CONCEPT
RoutineICCMonitoring

Sincethis volumeof data is so small, why not have the ICC examinea
select number of MODIS channels in real-time during every TDRS
contact??? The effect of this would be to multiply the previous
calculation@ about850 Z 2 contacts* 14 revs* 30 d/mo as follows:

rev d



6.3 x 1014+ 2.16X 109 * 850 * 100 = 100.29%of all data.
6:3 X 1014

~ to the processingof Rfl data in real-timewhile simultaneously
recordingthe s~e observationfor laterplaybackand processing,the
effectwould seemto be small.

Now that we’ve discussedRfl instrumentmonitoring,let’stake a look
at the otherpath in the figure,playbackmonitoring.

The playback data should consist of overhead information applied by
the platform DMS (-13%), instrument HSK, instvent science (SCI) and
ancillary (ANC). The period covered by a typical playback will be
that between nominal TD~ contacts (-50 minutes). The total amount of
data for 50 minutes is:

2oMbps* 3000s= 6 X 10IOb (totaldata)

less 13% overhead = 5.2 x 10IOb (science + ES-)

ASSUME:

8. The combineddata rate for HSK and ANC data is less than
20Kbpsto the platformDMS.

The amount of HSK/~C data collect ed in 50 minutes is:

2oKbps * 3000s = 6 X 107b

At the indicated data rate of O.~ps, it should take about 5 minutes
to process, display and store this data.

ASSUME:

9. The NODISmonitoringprioritiesare as follows:

1. Rfl science and HSK/ANC
2. PB HSK/ANC
3. PB science



Concurrentwith the w w processing,the CDHF will receive and
process the W MODIS PB data. At 150Mbps, the taperecorder(TR)
read-out(R/0)shouldtake about 6 2/3 minutes. The MIPS requirement
for the PB sort and bufferprocessis:

150Mbps(w) * 3(sort@fer)/O.7 = 643KIPS(* 3 = 1929_PS).

Given the volume of recordedsciencedata, it will be possible to
examine only about 1% of all the data for housekeepingmonitoring
purposes. This should be acceptable given the lower priority of
monitoringscience data. For the ICC, the importantthing is to
examineall the MODIS HSK data and given the data volumesand rates,
this will be accomplishedeasily. Since the data rate input to the
channelselectorfrom the PB bufferis the same as for w data, the
MIPS requirementis the sameas before.

Again, a control interface between the ICC and the CDHF R/’I’Processor
Channel Selector will enable the ICC to monitor relatively i~rtant
events such as channel status changes, gain changes, tilt angle
changes (instrument dynamics), etc.

A candidate MODIS montioring timeline is shown in the following
figure.
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Toble 6.3-1 Lirnilcd Survey of Availnblc Super Mini-compulcrs

?’
w

Vendor

Convcrgcn[Tcchnolog ics

Da~ General

DigiudEquipment Corp

DigiM EquipmentCorp

ELXS1

Gould Inc.

Iiarris Corp

IEM

PerkinElmer

Prime Gmpulcr

Tandcm ~mputcrs Inc.

I

Model

Mcgaframc

MV/4000

VAX 11/785

8600

6400

Concept 31/8780

1I1OOO

4381

3200MPS

850

NonSlop TXP- 16

MIPS

5-.8

.6

1.06

4.()

6-60

8.3

4

2.1-5,1

5-21

32

TRNS Rafe
(Mbps)

5-1o

5

1,5-13,3

(4

3.2

19

2-3

40

8

5

cost

$30K - 125K

$30K - 50K

$145K and up

$576K - 970K

$350K - 2M

$425K - IM

$250K

$806K - 1.9M

$185k - 342K

$2.7M and LJp

$1.7M and IIp



I-’’r’=’:’:’””v “--”’:’J-’c’a’m’s ‘“’”.-

Vendor

Adahl

Burroughs

IBM

NAS

Sperry Corp

Spcrly

Table 6.3-2 Limited Survey of Avnilnblc Mnir~framcCompuIcrs

Model MIPS TRNS Rate cost
(Mbps)

580 series 7.6-23.0 72 $1.6- 5.4M

A15 50

308X 10-27 72 $0.6- 6.4M

AS/90X0 6.6-21.0 60-96 $1.4- 4.2M

1100/90 5,5-25.0 37 $2.9- 8.9M

1loomcrculy 100



Table 6,3-3 Limi[cd Surveyof AvailableSupcrcompu[crs

Vendor Model MIPS TRNS Rate cost
(Mbps)

Atiald Model 1400 1140 MFLOPS $12,5- 21,8M

Con~l DataCorp Cybcr205 740MFLOPS 400 $4,9- 12.5M

my Research X-MP 560MFLOPS 1346 $5-14M

by Research my”2 1200 MFLOPS $17.6M

ETA (Futm) ErA 10 8W -3200 MFLOPS $5,5- 12M

ETA (FUW) HA1O 4800-9600 MFWPS $13-22M



Table 6.3-5

Dala Processing Ralos and Required CPU MIPS for NPOP-1
REQUIRED MIPS

&
LOW RATE HiGH RATE

(Mi PS) (MIPS)

DATA PROCESSING RATES

NASA
HIGH RATE

PATH
LENGTH

NASA
LOW RATE

RAW OATA

Daily Data Volume (Mbytes)

LEVEL O PROCESSING
Raw DataVoiume(Mbils)
Level O DalaVolume(Mblls)
Level O Dala Ralo(M@s)
10% in Real Time (Mbps)
100% Process 8 hrs (Mbps)

?’ Aggregate Rale (Mbps)
N
4

LEVEL 1A PROCESSING
DalaVoiume(Mbils)
100% Process 12 hrs (Mbps)

LEVEL 16 PROCESSING
Dala Voiume (Mbils)
100% Process 12 hrs (Mbps)

LEVEL 2 PROCESSING
Data Voiume (Mbits)
100% pfOCOSS 8 hrs (Mbps)

LEVEL 3 PROCESSING
Dala Voiume (Mbils)
100% Process 8 hrs (Mbps)

,

108, OOO78,572

864,000

1,209,600
14

1
42
43

628,576
880,006

10
. . . 3“ ..-

. . .

. . .

6
180
186

3
3

. . .

950,400
22

691,434
16

183 251
8

950,400
22

691,434
16

274 377

823 1,131

123 170

12

1,900,800
66

1,382,867
48 20

285,120
10

207,430
7 30


